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ABSTRACT 

We have mapped the gaseous kinematics and the emission-line flux distributions and 
ratios from the inner a;680pc radius of the Seyfert 1 galaxy Mrk 79, using two-dimensional 
(2D) near-IR J- and Ki-band spectra obtained with the Gemini instrument NIFS at a spatial 
resolution of «100 pc and velocity resolution of «40kms _1 . The molecular hydrogen H2 
flux distribution presents two spiral arms extending by » 700 pc, one to the north and another 
to the south of the nucleus, with an excitation indicating heating by X-rays from the central 
source. The low velocity dispersion (cr ss 50km s _1 ) and rotation pattern supports a location 
of the H2 gas in the disk of the galaxy. Blueshifts observed along the spiral arm in the far 
side of the galaxy and redshifts in the spiral arm in the near side, suggest that the spiral arms 
are feeding channels of H2 to the inner 200 pc. From channel maps along the H2 ^12. 1218 fim 
emission-line profile we estimate a mass inflow rate of Mh 2 ~ 4x 10~ 3 M yr , which is 
one order of magnitude smaller than the mass accretion rate necessary to power the AGN 
of Mrk 79. The emission from the ionized gas (traced by Pa/? and [Fe 11] /ll.2570/im emission 
lines) is correlated with the radio jet and with the narrow -band [Om] flux distribution. Its 
kinematics shows both rotation and outflows to the north and south of the nucleus. The ionized 
gas mass outflow rate through a cross section with radius x;320pc located at a distance of 
~455pc from the nucleus is M out » 3.5 M Q yr -1 , which is much larger than the AGN mass 
accretion rate, indicating that most of the outflowing gas originates in the interstellar medium 
surrounding the galaxy nucleus, which is pushed away by a nuclear jet. 

Key words: galaxies: individual (Mrk 79) - galaxies: Seyfert - galaxies: ISM - infrared: 
galaxies - galaxies: kinematics and dynamics 



1 INTRODUCTION 

This work is part of a large project, in which our group (Ac- 
tive Galactic Nuclei Integral Field Spectroscopy - AGNIFS) has 
been observing the inner kiloparsec of nearby active galaxies us- 
ing optical and near-infrared (hereafter near-IR) high-spatial res- 
olution (a few to tens of pc) integral field spectroscopy. We have 
obtained the gaseous flux distributions, kinematics and excita- 
tion, with the main goal of mapping gas inflows and outflows 
and constraining the corresponding mass flow rates and power. 
Whenever the signal-to-noise ratio in the continuum and absorp- 
tion lines is high enough we also map the stellar kinematics and 
ages. In the near-IR, our main results so far can be summarized 
as follows. We have found that the molecular (H 2 ) and ionized 
gases present distinct flux distributions and kinematics, with the 
former restricted to the plane of the galaxy and presenting, in 
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some cases, streaming motions towards the nucleus, while the lat- 
ter presents emission from outflowing material at high latitudes 
above the plane and usually is associated to the radio emission 
( Riffel et alj|200o1, 12008L [20091: iRiffel, Storchi-Bergmann & Nagar 
2010; Riffe l & Storchi-BergmannluOllat IStorchi-Bergmann et al. 
2009, 2010). We have concluded that the molecular gas is a good 
tracer of the nuclear feeding and the ionized gas of its feedback. 
Nevertheless, the sample observed so far comprises only half a 
dozen objects and more integral field observations in the near-IR 
are required in order to have a more complete census of these pro- 
cesses in AGNs and to relate the mass flow rates to the AGN power. 

In this work, we present the gaseous flux distribution and kine- 
matics of the inner 680 pc of the active galaxy Mrk 79 obtained 
from observations using the Gemini-North's Near -Infrared Integral 
Field Spectrograph (NIFS iMcGregor et~ai1l2003h in the J and K- 
bands. This object was selected for this study because it presents 
extended radio and [0 111] emission (e.g. IUlvestad&Wilsonlll984 
iNagaret alii 19991; ISchmitt et al1l2003l) allowing us to explore the 
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relation between the radio jet and the Narrow Line Region (NLR) 
kinematics, as well as its effe ct in the excitation of the ne ar-IR lines. 

Mrk79 is a SBb galaxy (de Vaucouleurs et al .ll99 ll) located at 
a distance of 93.8 Mpc (e.g. Kra emer et alj|201 lh . for which 1 arc- 
sec corresponds to 455 pc at the galaxy. Its nucleus is classified as 
Seyfert 1 with a centr al black hole with a mass of 5.2± 1 .44 x 10 7 M Q 

dPeterson et al. 2004). It presents extended radio-continuum emis- 
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sion a long position an gle (PA) 11 ° ( ISchmitt et al.12 001 ; Nag ar et al.l 

1 19991; lUlvestad & Wilson! 1 19841) . which can be described as an 
asymmetric triple radio structure with the northern source being 
located at a distance of 800 pc from the nucleus a nd the south- 
ern source at 460 pc from it dSchmitt et al.l l200lt) . In the opti- 
cal, Mrk79 presen ts extended [Qui] line emission as observed in 
ground-based (e.g. Haniff et al. 1988) and Hubble Space Telescope 
(HST) images lSch mittetalJl2003h . The [Om]/i5007 emission ex- 
tends to about 4.6 arcsec from the nucleus in the north-south di- 
rection, being co-spatial with the rad io emission and p resenting 
several blobs of enhanced emission dSchmitt et al.ll2003l) . An out- 
flowing gas component is suggested by the detection of two com- 
ponents in the [Oin]/15007 mission-line profile with velocities of 
+ 100 kms~' and -50kms~' relative to the systemic velocity of the 
galaxy. This co mponent seems to b e associated with the northern 
radio structure ( iWhittle et al.lll988l) . The modeling of the optical 
and infrared spectral energy distribution (SED) of Mrk79, includ- 
ing the emission by dust in a toroidal-like structure heated by a cen- 
tral AG N suggest s that the dusty torus has a m ass of 7.30 x 10 2 M Q 
dFritz. Franceschini & Hatzimina oglou 2006)). 

This paper is organized as follows. In Sec.[2]we describe the 
observations and data reduction procedures. The results are pre- 
sented in Sec.[3]and discussed in Sec. [4] We present our conclusions 
in Sec. [5] 



2 OBSERVATIONS AND DATA REDUCTION 

The J and Kl-band obser vations of Mrk 79 we re obtained us- 
ing the NIFS instrument ( Mc Gregor et al.l [20031) operating with 
the Gemini North Adaptive Optics system ALTAIR in September 
2010 under the programme GN-2010B-Q-42, following the stan- 
dard Object-Sky-Sky-Object dither sequence, with off-source sky 
positions since the target is extended, and individual exposure times 
of 520 s for the J band and 550 s for the K ; band. Six on-source in- 
dividual exposures were obtained for each band, totalizing 3120s 
and 3300 s for the J and K/-band, respectively. 

The J-band observations covered the spectral region from 
1.14/jm to 1.36yum, centered at 1.25 yum with a spectral resolution 
of sb 1.8 A, as obtained from the measurement of the full width at 
half maximum (FWHM) of the ArXe calibration lamp lines. The 
Kpband observations were centered at 2.3 /an, covering the spec- 
tral range from 2.10yum to 2.53 yum with a spectral resolution of 
FWHMk 3.5 A. In velocity space, the resolution of the observa- 
tions is sb 45km s -1 for the Kpband and 35 km s -1 for the J-band. 

The data reduction was accomplished using tasks contained 
in the nifs package which is part of gemini iraf package, as well 
as generic iraf tasks. The reduction procedure included trimming 
of the images, flat-fielding, sky subtraction, wavelength and s- 
distortion calibrations. We have also removed the telluric bands and 
flux calibrated the frames by interpolating a black body function to 
the spectrum of the telluric standard star. The six individual dat- 
acubes of each band were median combined to a single datacube 
using the gemcombine task of the gemini iraf package, with a sig- 
clip algorithm to eliminate the remaining cosmic rays and bad pix- 



els. The final IFU data cube in each band contains ~ 4000 spectra, 
each spectrum corresponding to an angular coverage of 0'.' 05 x07 05, 
which translates into ~23x23 pc 2 at the galaxy and covering the in- 
ner 3"x3"(~1.35xl.35 kpc 2 ). 

In order to increase the signal to noise ratio and allow the fit- 
ting of the emission line profiles, we have replaced each spatial 
pixel by the median of its value and that of its first 8 neighbors. Af- 
ter this procedure, the angular resolution, obtained from the FWHM 
of the spatial profile of the broad components of Bry and Pa/3 emis- 
sion lines fluxes, is 0725 ±0705 for both bands, corresponding to 
~ 100 pc at the galaxy. 



3 RESULTS 

In order to illustrate the spatial coverage of our observations, we 
show in the top-left panel of FigureQ] a V-band optical image of 
Mrk 79 ob tained with the w ith the 1-m telescope of the Lick Ob- 
servatory dHuntetal.ll 19991) . In the top-right panel we present an 
[O m] /15007 A narrow-band image obtained with the HST Wide 
Field Planetary Cam era 2 (WFPC2) through the filter FR533N 
dSchmittetai1l2003h . This image shows extended emission up to 
4" from the nucleus of Mrk 79, being more elongated along po- 
sition angle (PA) 1 5° and presenting several blobs of emission. 
ISchmitt et all d2003l) suggest that the [O in] emission is related to 
the radio jet. The 3.6 cm radio cont i nuum image obtained with the 
Very Large Array by ISchmitt et al.l fcOOll) is shown in the bottom- 
left panel of this figure, and can be described as an asymmetric 
triple radio structure along PA=11°. The green box overploted on 
this panel represents the NIFS field of view and shows that the 
north-eastern radio structure is beyond its borders. The Pa/3 flux 
map obtained from our NIFS datacube is shown in the bottom-right 
panel in units of 10~ 17 ergs -1 cm" 2 . 

All spectra in the data cube were first corrected for redshift. 
In Figure|2] we present the J and K; spectra extracted within an 
0725x0725 aperture centered on the the nucleus in the top pan- 
els. The middle panels show the spectra extracted at 171 south- 
southeast of the nucleus at the location where it is observed a knot 
with enhanced emission in the [O in] image in the top-right panel 
of FigureQ] while the bottom panels show the spectra for a loca- 
tion co-spatial with the southern radio hotspot seen in bottom-left 
panel of FigureQ] at 171 south-southwest of the nucleus. Some of 
the strongest emission lines are identified in the top panels. 

We have detected about 4 dozen of emission lines at the J 
and K ; -bands as listed in TableQ] which presents the correspond- 
ing fluxes of the lines for the three positions above. The observed 
emission lines include molecular (H 2 ) lines as well as lines of ion- 
ized gas from a range of ionization levels, e.g. from [Fe n] up to 
[S ix]. The line fluxes were measured by fitting a Gaussian to each 
emission-line profile using the iraf splot task. The uncertainties 
quoted in the table are the standard deviations from the average of 
several measurements (typically 6) and do not include uncertain- 
ties in the flux calibration of the spectra. Flux values followed by 
"?" indicate that the line is only marginally detected, with a large 
uncertainty, of the order of the line flux. The presence of the line 
is supported by the fact that it has the expected central wavelength 
and the fact that the width is similar to that of the other emission 
lines. 



Lick 1 m (V 



Feeding vs. Feedback in Mrk 79 3 

HST [QUI] 




45 30 15 -15-30-45 
arcsec 

VLA 3.6cm 



3 2 1 0-1-2-3-4 
arcsec 

Pa/S A1 .2822/xm 



.11 I MI|J II 



- V -v. 



't m i" I i i i'lI i i M I i i i i.l I i + il i* i i I i i u 



3 2 



- 
arcsec 



-2 -3 -4 




-15.0 



-15.5 



-1 6.0 



-1 6.5 



-1 7.0 



2.5 



1 .9 



1 .3 



0.7 



Figure 1. Top-left: V-band optical image of Mrk 79 obtained with the with the 1-m telescope of the Lick Observatory fauntetal.lll999l). Top-right: 
[O m] /15007 A image obtained with the HST ISchmitt et alj|2003h . Bottom-left: 3.6 cm radio continuum image obtained with the VLA by Ischmitt et all 
12001). The green box overlaid to this panel represents the NIFS field of view. Bottom-right: Pa/3 flux map obtained from our NIFS datacube in units of 
10~' 7 erg s -1 cm~ 2 . The positions labeled as N, RS and OS mark the location of the nucleus, the southern radio spot and the southern [O m] southern blob, 
respectively. 



3.1 Emission-Line Flux Distributions 

In order to construct maps for the flux distr ibution of t he strongest 
emission lines, we used the profit routine (Riffel 2010) to integrate 
the fluxes under the profiles of [P n] A 1 . 1 886 fim, [S ix] A 1 .2526 fim, 
[Fen] /il.2570 jim, Pa/3, Ho /12.1218/fln and Bry emission lines and 
subtract the underlying continuum. These particular lines have been 
chosen because they have the highest signal-to-noise (S/N) ratios 
among their species (coronal lines, forbidden and permitted ionized 
gas lines and molecular lines). We were unable to construct maps 
for the flux distributions of He i, He n and [Ca vm] emission lines 
because they are detected only at a few locations of the observed 
field. The broad components for Pa/? and Bry were fitted and sub- 
tracted before the construction of the flux maps in these emission 
lines. 

Figure[3]shows the resulting flux maps for each emission line 
(identified in the top of each panel). The central cross marks the po- 
sition of the nucleus defined as the peak of the near-IR continuum 
emission, the cyan contours o verlaid to the [Fe n] m ap are from the 
radio continuum image from ISchmitt et alj d200lh . shown in the 
top-right panel of Fig. [T] The green contours overlaid to the Pa/? 
flux map are from the [O m] image of ISchmitt etafl d2003h , shown 



in the bottom-left panel of Fig. Q] The lower flux level shown in 
each panel corresponds to 3<x, where <x is the noise in the adjacent 
continuum to the line. 

The coronal line [S ix] A 1.2526 fan (top-middle panel of 
Fig.[3} emission is marginally resolved by our observations (with 
FWHM«0735) being more extended along the north-south direc- 
tion with flux peak at the nucleus. A similar behavior is observed 
for the [Pn] flux distribution (top-left panel), with an additional 
emission from a region located at l'.'l south of the nucleus, al- 
most co-spatial with the southern radio hotspot seen in Fig. [T] The 
[Fen] emission is extended up to 174 from the nucleus, showing 
two structures at the highest flux levels: one at the nucleus and an- 
other co-spatial with the southern radio hotspot. Lower level emis- 
sion is observed surrounding these structures. 

The Pa/3 and Bry flux maps show extended emission up to the 
borders of the NIFS field to the north and to the south, while in the 
east-west direction it extends only to »075 from the nucleus. The 
Hi emission seems to be well correlated with the [O in] structures, 
as evidenced by the contours of the [O in] image overlaid on the 
Pa/3 flux map. Finally, the H 2 also presents extended emission more 
elongated in the north-south direction, but with a distinct flux dis- 
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Figure 2. Sample of spectra for Mrk79 extracted within square apertures of Ql!25'X.Ql.'25, with the stronger emission-lines identified. Top panels show the 
nuclear J (left) and K (right) spectrum, middle panels show a spectrum for a location at 1'.'2 south-southeast of the nucleus, co-spatial with an [O m] emission 
knot and the bottom panels present a spectrum extracted at the position of the radio structure at 1'.'2 south-southwest of the nucleus. These positions are 
identified in figure[T]as "N", "OS" and "RS", respectively. 



tribution than those observed for the other emission lines. The H 2 
map clearly shows two spiral arms extending up to 1'.'5 arcsec from 
the nucleus, which seem to originate from the tips of a nuclear bar- 
shaped structure oriented approximately along east-west, observed 
at the highest flux levels. 



3.2 Line-Ratio Maps 

Line ratios can be used to study the extinction and 
the excitation mechanis ms of th e near-IR lines in the 
NLR (e.g. iDors et all |2012|; iRiffel & Storchi-Bergmann l 



20061: 



Riffel, Storchi-Bergmann & Nagar 



Riffel, Rodrig uez-Ardila. & Pa storiza 

IStorchi-Bergmann et alj 120091: 



Rodri guez-Ardila, Riffe l & Pastoriza 2005; Rodriguez-Ardil a et al.l 
20061) 

The reddening can be estimated from the Pa/?/Bry line ratio as 



E(B -V) = 4.7 4 log 



Fpafil Fgry 



(1) 



where F PaB and F Bry are the fluxes of PaB and Bry emis- 
sion lines, respectively. We have used the reddening law of 



ICardelli, Clayton & Mathisl dl989l) and adopted the intrinsic ra- 
tio F PaB /F Brv = 5.88 corr esponding to case B recombination 
dOster brock & Ferlandl 2006). The resulting E(B - V) map is shown 
in the left panel of Fig.|4] This map shows a very complex structure 
with several knots of higher extinction, in which E(B - V) reaches 
values of up to 2. 

The excitation mechanism of the [Fen] lines can be in- 
vestigated using the [Fen]/il.2570yum/PayS line ratio, shown in 
the middle panel of Fig. [4] Typical values for this ratio are 
[Fen]/11.2570/jm/Pa/3 «0.6, observed over most of the field. The 
lowest values are observed at the nucleus («0. 15), while the high- 
est values of up to 2 are observed to the southwest at a;0'.'4 from the 
nucleus and in an arc-shaped structure at »1". At the location of 
the southern ratio hotspot (cyan contours are from the radio image) 
the average value for this ratio is 1.2. 

An useful line ratio to study the excitation mechanism of the 
near-IR H 2 lines is H 2 /i2.1218/im/Bry. We present a map for this 
ratio in the right panel of Fig.|4] The highest values of up to 4.5 are 
observed along the two spiral arms seen in the H 2 flux map shown 
in the bottom-middle panel of Fig. [3] overlaid as green contours in 
the line-ratio map. The lowest values, around 0.6, are observed at 
the nucleus and at locations away from the spiral structures. 
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Table 1. J-band emission-line fluxes for the nucleus, the position of an [O in] blob (at 1'.' 1 south-southeast of the nucleus) and the position of the radio hotspot 
(at 1'.'2 south-southwest of the nucleus) integrated within , .'25x(X'25 apertures. The location where each spectrum was extracted is identified in the bottom-left 
panel of Fig.[T]as N (for the nucleus), OS ([O m] structure) and RS (radio structure), The fluxes are in 10~' 7 erg s~'cm~ 2 units. A "?" by the side of the flux 
value indicates that the line is detected but the uncertainty in the measurement is of the order of the flux of the line. 
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[O m] peak 


Radio peak 
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[Fenlfo 2 F<,? -b 4 F*n 






2.45+1.18 


1.13488 


[Fe n] b 2 D3/2 — a 2 Ft 12 




1.54? 


3.17±0.84 


1.14276 


[Fen]6 4 D 5/2 -b 4 Fg /2 






0.61? 


1.14713 


[P III l D% - 3 Pi 


32.39±1.97 




1.87? 


1.15841 


[Feii]fc 2 fj/ 2 -a 2 Di/ 2 


7.13? 


1.95? 




1.16296 


Hen7-5 


43.71±7.75 




5.23+1.51 


1.18363 


TFenl b 4 D\n - b 4 F^n 


5.29? 


0.76? 




1.18552 


He ii 29 -7 




1.28? 




1.18693 


[Fen] fo 4 Dv2 - b 4 Fsn 




1.44? 




1.18861 


rp Hi 1 Do - 3 P? 


17.30±5.85 


3.00±0.28 


4.57±0.77 


1.20370 


He ii 26 - 7 




0.77? 


1.18? 


1.20545 


[Fen] a 4 D2/2 ~ Q^F-j/2 
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TFenl a 4 Din -a 6 D*n 
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0.97? 
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[Fe n] a 4 D 7/2 - a 6 D 9/2 
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TFenl a 4 D\n - a 6 Dt n 
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HiPa/J (broad) 


5666.25±164.06 
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H i Pa/J (narrow) 


154.28+15.41 


16.34±0.61 


16.56±1.04 


1.28495 


Hei 3 Si - 3 Poi 




1.40? 


0.87? 


1.29812 


[Fen]a 4 D 3/2 -a 6 D l/2 


11.85±3.30 
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1.30529 
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H 2 1-0S(1) 
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3.3 Centroid Velocity and Velocity Dispersion Maps 

The profit routine (Riffe tolOl) was used to fit the emission line 
profiles by Gaussian curves in order to obtain the centroid veloc- 
ity (V) and velocity dispersion (cr), which have been used to map 
of the gas kinematics in the inner region of Mrk 79. We used the 
[Fen]/il.2570yum, Pa/? and the H 2 /12. 1218pm emission lines to rep- 
resent the kinematics of the ionized and molecular gas. We do not 
show kinematic maps for the [P n], [S ix] and Bry lines (as done for 
flux maps) because these lines are detected only in a few regions 
and the Bry kinematics is the same as that of Pa/?. 

In Figure [5] we present the velocity fields obtained from the 
centroid wavelength of [Fe n]/U.2570/um (left panel), Pa/? (middle) 
and H2/I2. 1218pm (right). The uncertainties in velocity are smaller 



than 15kms~' for all emission lines at all locations of the field. 
White regions in this figure represent locations where the S/N was 
not high enough to allow the fitting of the line profiles. We sub- 
tracted the heliocentric systemic velocity (V s w 6636 km s~'), ob- 
tained from the fitting of the H 2 velocity field by a rotating disk 
model (e.g. Riffel & Storchi-Bergmarrn] |2011 al ibi). The thick con- 
tours overlaid to the H 2 velocity map are from the H 2 /i2.12 flux 
image, shown in Fig. [3] These maps show that the [Fe 11] and Pa/? 
emitting gas present similar velocity fields, with redshifts of about 
40kms~ 1 at the nucleus and blueshifts of up to -T50kms~' both 
to the north and to the south. The Pa/? map also shows some red- 
shifts in a region located at « l'.'O arcsec northwest of the nucleus, 
with velocities of 150 kms~', similar to the values seen in the H 2 
velocity field at the same location. The H 2 velocity field shows an 
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arcsec arcsec arcsec 



Figure 3. Emission-line flux distributions for [Pn] /U.1886/im, [S ix] /ll.2526yum, [Fen] /ll.2570/um, Pa/3, H9 /12.1218//m and Bry emission lines. The color 
bars show the flux scale in units of 10~ 17 er g s~'cm~ 2 . The centr al cross marks the position of the nucleus, the cyan contours overlaid to the [ Fe 11] map are 
from t he 3.6 cm radio-continuum image of Schmitt et al. (2001) and the green contours overlaid to the Pa/3 map are from the [Om] image of Sch mitt et alj 
<2003h . 





Figure 4. Emission-line ratio maps. Left: E(B-V) obtained from Pa/3/Bry line ratio. Middle: [Fe ii]/11.2570pm/Pa/3. Right: H2/12.1218//m/Bry. The contours 
overlaid to the [Fe n]/11.2570pm/Pa/3 are for the radio image and to the H2/12.1218/jm/Bry for the H2 flux map of Fig. [5] 



approximate rotation pattern, with the highest blueshifts, of up to 
-150 kms~', to the southeast of the nucleus, and the highest red- 
shifts, of up to 150kms~', to the northwest. The contours overlaid 
as thick lines are from the flux distribution, showing that devi- 
ations from the rotation pattern are associated with the spiral arms. 
In particular, a region of higher blueshifts than the surrounding is 



seen inside the highest level contour delimiting the spiral structure 
to the south of the nucleus. 

In Figure [6] we show the velocity dispersion maps for the 
[FenM1.2570/mi (left panel), Pa/3 (middle) and H 2 ^2.1218//m 
(right) emitting gas. Typical uncertainties in cr are 15kms~'. For 
the [Fen] and Pa/3 the cr values range from 40km s~' to 180 kms" 1 , 
presenting the highest values in some knots located away from the 
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Figure 5. Centroid velocity fields for the [Fen]/tl.2570/jm (left), Pa/3 (middle) and H 2 /12.1218/jm (left) emitting gas. The central crosses mark the position 
of the nucleus, North is up and East left and the thick contours overlaid to the H2 map are from the H2 flux image of FigFJ] Only the inner l'/2 arcsec in the 
East-West direction is shown. 
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Figure 6. cr maps for the same emission lines of Fig. [5] The cyan contours overlaid t o the [Fe n] map are fr om the 3.6 cm radio-continuum image of Schm itt et al J 
1 2001) and the green contours overlaid to the Pa/3 map are from the [O m] image of Schmitt et al. 1 2003). 



nucleus. In order to compare the [Fe 11] <x and radio maps, we have 
overlaid the contours from the radio image on the [Fe 11] a map 
(cyan contours in Fig.[6}. This comparison shows that the highest a 
values are observed in regions surrounding the radio structures. The 
nuclear a for [Fen] and Pa/3 are both of the order of «110kms _1 . 
The H2 cr map is shown in the right panel of Fig. [6] and presents 
smaller values than those observed for the Pa/3 and [Fen], with 
typical values being 75kms~'. The smallest values (~60kms -1 ) 
are observed in locations co-spatial with the spiral structure ob- 
served in the H 2 flux map (Fig. [3}, while the highest values of up 
to 130 km s -1 are observed in some knots to south and southwest of 
the nucleus. 



3.4 Velocity Channel Maps 

In order to map the flux distributions at all velocities covered 
by the emission-line profiles, including the wings, we constructed 
channel maps along the profiles of the [Fen]/ll.2570//m, Pa/3 and 
H2/12.1218/jm emission lines, shown in Figures[7jH]and[9] respec- 
tively. Each panel presents the flux distribution in logarithmic units 
integrated within the velocity bin centered at the velocity shown in 
the top-left corner (relative to the systemic velocity of the galaxy) 
and the central cross marks the position of the nucleus. 

In Figure UJ the channel maps along the [Fen] emission- 
line profile show the flux distributions integrated within veloc- 
ity bins of 50 km s (corresponding to two spectral pixels). The 
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green contours overl aid to some panels are from the radio image of 
ISchmitt et all d2003h . The highest blueshifts of up to -200 km s" 1 
and the highest redshifts, with similar velocities, are observed at the 
nucleus and from a region centered at ~1'.'0 to the south, where it is 
approximately coincident with the southern radio structure. At in- 
termediate and zero velocities the [Fe n] emission is observed from 
the nucleus down to a 1'.'4 to the south, still presenting the same two 
peaks, at the nucleus and at l'.'O to the south. 

Figure [8] shows the channel maps for the Pa/3 emitting gas for 
the same velocity bin as for [Fen]. The g reen contours overlai d to 
some panels are from the [O in] image of Schmi ttet alj feOOlh . At 
the highest blueshifts (velocities of 200kms~') the Pa/3 emis- 
sion arises from three structures: a "blob" at the nucleus, one 077 
to the south and another 171 to the southeast (see channel maps 
centered at -166 and -215kms~') while the highest redshifts are 
observed at the nucleus and 077 to the south. At velocities between 
~ -160 and » -80kms~'an additional structure is seen at 078 
north of the nucleus. At these velocities, the Pa/3 emission is thus 
observed to both sides (north and south) of the nucleus, presenting 
4 knots of enhanced emission, which are correlated to structures ob- 
served in the [O in] image, as can be seen from the [O in] contours 
overlaid to the panels at velocities ranging from -66 to 80 km s _1 . 

The channel maps along the H 2 emission-line profile are 
shown in Figure [9] for a velocity bin of 60 kms~' (corresponding 
to two spectral pixels). At the highest blueshifts (-235 to -175 
kms~'), the H 2 emission originates in a spiral arm extending for 
about 170 and located southeast of the nucleus. For panels centered 



at velocities ranging from -175 to -54 km s -1 , the spiral arm curves 
in the direction of the nucleus, resembling the arm seen in the H2 
flux distribution of Fig.[3] At zero velocities there is emission to 
both sides of the nucleus and as the velocities increase and reach 
positive values another spiral arm appears to the northwest. The 
highest redshifts of up to 400 km s -1 are observed at the nucleus. 



4 DISCUSSION 

4.1 Gaseous Excitation 

What is the origin of the near-IR lines of [Fen] 
and H 2 from AGNs? This questio n has been inves- 
tigate d by several studi es (e. g. iBlack & van Dishoeckl 




Forbes & Wan 



iHollenbach & McKed 1 19891: _ 
~ll994|: iMalonev.Hollenbach&TielensI 
Simpson et alj 1 19961: lLarkin et al. 1 



d 



2004 
Riffel 



pson et all 1 1 9^- 
1; iRod 
el et al.1 Y2Mt 



1998t iR odriguez -Ardila et alj 
Rodriguez- Ardila, Riffel & Pastoriza 2005; 
20061: iRiffel. Storchi-Bergmann & Nagari I201C 
Riffel & Storchi-Bergmannl 1201 lbt IStorchi-Bergmann et alj 

ISanc 



20091: 



Hicks et al 



20091: 



Sanchez et alj 



2009; 



Ramos Almeida. Perez Garcia & Acosta-Pulidol 2009). In sum- 
mary, the H 2 emission lines can be excited by two mechanisms: (i) 
fluorescent excitation through absorption of soft-UV photons (912— 
1108 A) in the Lyman and Werner bands (Blac k"& van Dishoeckl 
1987?) and (ii) collisional excitation due to the heating of the gas 
by shocks, due to interaction of a radio jet with the interstellar 
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Figure 8. Same as Fig.UJfor the Pa/3 emission line. The green contours are from the [O in] image from Schm itt et alj bOOll) . 



medium drlollenbach & McKedl 198Sl) o r by X-rays from the AGN 
dMalonev. Hollenbach & Tielensl Il996t) . The second mechanism, 
usually refereed as thermal processes, is also the responsible for 
the excitation of the near-IR lines of the [Fen]. Most of the studies 
above investigate the origin of both H 2 and [Fe n] using line ratios, 
such as [Fen]/tl.2570/im/Pa/? and H2 /t2.1218yum/Bry, and a 
common conclusion among these studies is that thermal processes 
dominate the H 2 emission in the central region of active galaxies, 
while the fluorescent excitation can contribute only with a small 
fraction of the observed H2 emission. 

The main difficulty in the study of the excitation of the H 2 
and [Fen] in AGNs regards the distinction between X-ray and 
shock mechanisms. Recent detailed studies using integral field 
spectroscopy - most of them by our AGNIFS group - indicate 
that the H 2 and [Fe 11] emitting gas have distinct flux distributions 
and kinematics, with the former being considered a tracer of 
the f eeding of the AGN and the latter a tracer of its feedback 
(e.g. iRiffel et alj l200fj: fRigel. Storchi-Bergmann & Nagarl l2010t 
Riffel & Storchi-Bergmann 1201 lallbt IS torchi-Ber gmann et alj 
20091 l2010l : lHicks etalJI 20091 1 Sanchez et alJI 20091) . This scenario 
is also favored in the case of Mrk 79. The H 2 flux distribution in 
the shape of two spiral arms (Fig.[3}, observed also in the channel 
maps (Fig.[9j supports a location of the molecular gas in the 
plane of the galaxy. Additionally, the H 2 velocity field, shown 
in Fig.|5] presents a clear rotation pattern with the southeast side 
approaching and the northwest side receding from us. The smaller 
velocity dispersion values observed for H 2 (see Fig.[6}, relative to 
those of the ionized gas, also supports that the H 2 emitting gas is 



more restricted to the plane of the galaxy. The [Fe 11] emitting gas 
presents a more disturbed velocity field, higher a values and a flux 
distribution well correlated with the radio structures, indicating 
interaction with the radio jet. The presence of both blueshifts and 
redshifts to the south of the nucleus at the location of the southern 
radio structure, suggests that the [Fen] emitting gas extends to 
high galactic latitudes. The Hi recombination lines present a 
similar velocity field to that of [Fen], but present smaller a values 
(intermediate values between those of [Fe 11] and H 2 ) and distinct 
flux distributions, being more associated to the [O m] emission 
than to the radio emission, as seen in the Figs. [3] and [8] Thus, the 
[Fen] kinematics supports the presence of shocks contributing to 
its excitation. 

The emission-line ratios can also be used to investigate the gas 
excitation. The [Fen]/H.25pm/Pa/? and H 2 /12.12/jm/Bry emission- 
line ratios can be use d to distingu i sh between Seyferts, LI NERS 
and Sta rbursts (e.g. Larkin et al. 1998; Rodriguez- Ardil aet alj 
|2004 iRodriguez-Ardila. Riffel & Pastorizaj l2005t) . Seyfert 
nuclei have values in the range 0.6<[Fe ii]/Pa/3<2.0 and 
0.6<H 2 /Bry<2.0, while Starburst galaxies have smaller val- 
ues for both ratios and LINERs have higher values (e.g. 
Rodriguez-Ardila, Ri ffel & Pastorizal 120051) . From the middle 
panel of Fig.|4]it can be seen that the [Fen]/Pa/3 ratio map presents 
typical Seyfert values for most of the observed field. The only 
exception is the nucleus, where [Fen]/Pay8« 0.15, for which the 
Pa/3 flux can be increased due to contamination of the narrow 
component by the broad profile and thus, decreasing this ratio. The 
H 2 /Bry line ratio, shown in the right panel of Fig.|4] presents most 
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Figure 9. Same as Fig.[7]for the Ht emission line for a velocity bin of 60 km s 



values in the range expected for Seyfert galaxies. Nevertheless, 
higher values are observed in the regions where the spiral structures 
are seen in the H2 flux distribution (Fig. [3} reaching H2/Bry« 4.5. 
These ratios can be understood by an enhancement of the H9 
emission in the spiral arms due to the increase of the gas density 
due to the spiral structure. 

In a recent study, iDors et ail (j2012) built photoionization 
models considering a two-component continuum, one to account 
for the Big Bump component peaking at 1 Ryd and another to 
represent the X-ray source that dominates the continuum emission 
at high energies in order to reproduce the [Fe n]/11.25yum/Pa/3 
and H2/i2.12/jm/Bry line ratios of AGNs. The authors compared 
their models with the line ratios observed for a large sample 
of AGN from long-slit and IFU spectroscopy. They concluded 
that typical Seyfert values for these ratios, as those observed 
for Mrk79, are well reproduced by the model and concluded 
that the heating by X-rays produced by active nuclei can be 
considered a common and very important mechanism of ex- 
citation of [Fen] and H9 lines. In the case of Mrk79, such 
conclusion must be taken with caution since the H2 and [Fen] 
have distinct flux distribution and kinematics, suggesting that 
their emission originate from gas located at distinct regions of 
the galaxy, as discussed above. This may also be the case of 
the e xt ended e missio n of other Seyfert galaxy (e.g. Riffel et al.l 
2006L I2008L 120091: iRiffel. Storchi-Bergmann & Naearl l201Ci 
Riffel & Storchi-Bergmann] l2011alfbTlcl IStorchi-Bergmann et al.l 
2009 ll20ld : IStorchi-Bergmandl2010l) . 



We have observed a good correlation between the [Fe 11] flux 



distribution and the radio emission, as well as an increase of the 
[Fen] a in locations co-spatial with the radio structures. This cor- 
relation is particularly clear in the channel maps shown in Fig. [7] 
for velocities ranging from -61 to 91 kms~' - enhancements in 
the flux are observed at the locations of the two main radio struc- 
tures: a hot spot at the nucleus and another at « 1'.'2 to the south of 
the nucleus. This result suggest that the radio jet has an important 
role in the [Fe 11] emission, either by releasing iron from dust grains 
via shocks and increasing its abundance in the gas phase as well 
as by enhancing the [Fe 11] emitting gas density due to compression 
produced by the radio jet. 

The correlation between the NLR gas emission and radio 
structures has been questioned in detailed studies of nearby Seyfert 
galaxies. E xamples are the st u dies of the NL R kinematics of 
NGC 4151 jKaiser et alj l2OO0l : iDas et all I2005T) and NGC 1068 
jPas et all l2006). using high-spatial resolution long slit spectra ob- 
tained with Space Telescope Imaging Spectrograph (STIS). The ab- 
sence of any clear correlation between the optical emission lines 
and radio structures led the authors to conclude that there is no 
connection between the kinematics of the NLR and radio jets. 
The argument is that, even though these structures are approxi- 
mately aligned as they originate in the same AGN, when the tar- 
gets are close enough, high spatial resolution data shows that there 
is no correlation between the NLR gas kinematics and the radio 
jet. Although we believe that this may happen in some cases, we 
would like to point out that in the case of NGC 4151, our study 
( Storchi-Bergma nn et al.l201f3) of the NLR kinematics using adap- 
tive optics near-IR integral field spectroscopy, at similar spatial res- 
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olution to that of the above studies, have shown that there is interac- 
tion of the radio jet with ambient gas at low velocities. This finding 
was only possible because our 3D integral field spectroscopic data 
has a moderately high spectral resolution (~ 5000), allowing to in- 
spect and separate the gas emission features at distinct velocities 
via channel maps. This separation allowed us to find this interac- 
tion of the radio jet with gas at velocities close to systemic. At the 
high velocity channels, an outflowing component along the ion- 
ization cone dominates the gas emission, and does not show any 
correlation with the radio jet. 

In the case of Mrk 79, as pointed out above, even though it is 
more distant than NGC4151, the correlation with the radio jet is 
clearly seen in the channel maps as well as in the velocity disper- 
sion maps. 

4.2 Mass of the ionized and molecular gas 

The mass of the ionized and molecular gas can be estimated 
from the measur ed fluxes o f the B ry and H2/i2.1218/mi 
emission lines dRiffel et all 120081 : IStorchi-Bergmann et al.1 



iRiffel & Storchi-BergmarrnT 
Storchi-Bergmann et al.1 d2009r) we estimate the 

.2 , 



20091; 



201 lbl) . 



ized gas in the inner 1 .3 x 1.3 kpc- of Mrk 79 by 
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ergs 'cm 
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ss of ion- 
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where Fbi T is the integrated flux for the Bry emission line and d is 
the distance to Mrk 79. We have assumed an electron temperature 
T = 10 4 K and electron density N e = 100 cm" 3 . 

The mass of hot molecular gas can be obtained as 



M G 



» 5.0776 x 10 1 



f— f 

\Mpc/ 



(3) 



erg s 1 ci 

where Fu 2 .12.1218 is the integrated flux for the H2 /12.1218/jm 
emission line and it was assumed a vibrational temperature of 
T=2000K. 

Integrating over the whole IFU field we obtain Fbi T ~ 
2.7 x 10" 15 ergs" 1 cm" 2 and F H2 A2.ms ~ 6.7 x 10" 15 ergs" 1 cm" 2 , 
resulting in M HU ss 7 x 10 s M Q and M„, ss 3 x 10 3 M Q . 
The mass of molecular gas is 10 3 times smaller than of 
ionized gas but this H2 mass represents only that of hot 
gas emitting in the near-IR dStorchi-B ergmann et al.1 120091 : 
Riffel & Storchi -Bergmannl 1201 lbh . The values above are in 
good agreement with t he ones found for other active galaxies 
(e.g. IRiffel etafl 120081: [Riffel Storchi-Bergman n & Nagar l2010t 
Storchi-Bergmann et al. 2009; Riffel & Storchi-Bergmann 2011b; 



Scho nell et al]2013h. 



According to Mazzalav et al.1 d2012h the mass of the cold 
molecular gas can be estimated as 



Mi 



H 2 cold 



M: 



1174 



(4) 



where L Hl x2.n\% is the luminosity of the H2 line and results 
Mucoid ~ 2 x IO'Mq for Mrk 79. The ratio between the cold 
and hot molecular mass is thus 7 x 10 5 , being within the range 
of values found for active galaxies in general dDale etal.ll2"005l : 
lMazzalavetal.ll2012h . 



4.3 Kinematics of the emitting gas 

The velocity field of the molecular gas is completely distinct from 
that of the ionized gas (Figure [5}- Although both of them present 



blueshifts of up to -150kms"' to the south of the nucleus, to the 
north the molecular gas presents redshifts of up to 150 km s" 1 in an 
approximate rotation pattern while the ionized gas presents instead 
similar blueshifts to those observed to the south. (The [Fe 11] does 
not present much extended emission to the north of the nucleus and 
thus it was not possible to study its centroid velocity at these loca- 
tions). Adopting the systemic velocity derived from the H2 velocity 
field, we find redshifts of up to 50kms"' around the nucleus for 
[Fe 11] and Pa/?. 

A distinct kinematics for the H2, [Fen] and Pa/3 emitting gas 
is also supported by the a maps (Fig.|6j, which show that, at most 
locations, the H 2 presents the smallest a values (« 70kms"'), fol- 
lowed by Pa/?(s: 100-180 km s" 1 ), with [Fen] presenting the high- 
est <x values (» 150-180 kms" 1 ), which are correlated with the ra- 
dio continuum emission. Differences in the velocity fields are also 
observed in the channel maps (Figs.[7][8]and[9}. The [ pe 

11] emis- 
sion in all velocity channels is well correlated with the radio im- 
age, supporting an interaction between the radio jet and the emit- 
ting gas, which is probably being pushed away from the nucleus 
by the radio jet. The accelerated particles which give origin to the 
radio emission also contribute to release the Iron (Fe) from dust 
grains, enhancing the [Fe 11] emission. In order to destroy the dust 
grains and release the Fe, fast shocks are necessary. The line-ratio 
[Fen]/[Pn]/ll.l8yum is useful to investigate the role of shocks for 
the [Fe 11] emission. Ratios larger than 2 indicate that shocks have 
passed through the gas destroying the dust gra ins, releasing the 
Fe and thus enhancing its o bserved abundance ( Oliv a~etal]|200ll ; 
IStorchi-Bergmann et al.l2009l) . For Mrk 79 the [Fe n]/[P n] is larger 
than this value for the extra-nuclear spectra, as seen in TableQ] in- 
dicating the presence of shocks, while for the nucleus the ratio is 
~1.6, suggesting that much of the Fe is still locked in dust grains. 

The distinct kinematics for the H2, Pa/8 and [Fen] 
emitting gas support that these gas phases are mostly lo- 
cated in distinct regions of the galaxy, These kinematics 
properties are similar to those we have found for other ac- 
galaxies 



tive 



in 



previous studies ( Rodrigu ez-Ardila et al 
2004] ; iRodrfguez-Ardila Riffel & Pastorizal |2005|; IRiffel et al 
20061 120081 l2009l; IRiffel & Storchi-Bergmannin2011allbl; 



Storchi-Bergmann et al.1 Il999l 120091 l20ld; IStorchi-Bergmannl 
20101) : the H2 kinematics is usually dominated by rotation in the 
galaxy disc while the [Fen] emitting gas has distinct kinematic 
components attributed to gas extending to high galact ic latitudes, 
usuall y in outflow and in interaction with a radio jet. Hic ks et all 
(2009, e.g.) have studied the H 2 kinematics from the inner »100 pc 
of a sample of 9 Seyfert galaxies using the instrument SINFONI at 
the ESO Very Large Telescope (VLT) and also concluded that it is 
dominated by rotation in a disc with typical radius of »30 pc and a 
comparable height. 



4.3.1 Feeding 

The low a values, rotation pattern, the location in the plane of 
the galaxy, as well as the presence of spiral arms in the H2 emit- 
ting gas supports the identification of H 2 as a tracer of the cold 
gas which feeds the active galactic nucleus. The H 2 velocity field 
(right panel of Fig. [5} presents a rotation pattern with the northwest 
side receeding and the southeast side approaching. From this ob- 
served velocity field and assuming that the spiral arms of Mrk 79 
are trailing it can be concluded that the near side of the galaxy 
is the northeast and the far side is the southwest as labeled in 
the top-left panel of Fig. [9] The rotation pattern and low a sup- 
port a location of the molecular gas in the plane of the galaxy, 
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and thus the spiral arm seen in blueshift to the southwest (far 
side) and the other seen in redshift to the northeast can be inter- 
preted as tracing inflows towards the centre of Mrk 79. Similar in- 
flows along spiral arms at scales of tens to hundreds of parsecs 
have also been o bserved in other galaxies in ionized gas at opti- 
cal wavelengths dFafhi et alj|200d: IStorchi- Bergmann et al.ll2007l : 
Ivan de Ven & Fathill2009l:lMuller et alj|201 ll) and in molecular gas 
in the near-IR dRiffel et alJl2008l;ISanchez et alj|2009l : lpavies et alJ 
120091; iRiffel & Storchi-Bergmannl 1201 lah . Following iRiffel et al.l 
(2008), we estimate the hot molecular gas mass inflow rate through 
a circular cross section as 



M H „ = 2m,,N H , vnr 



(5) 



where v = v obs /sim is the velocity of the inflowing material in the 
plane of the galaxy, v„b s is the observed velocity, ( is the inclination 
of the disc, r is the radius of the circular cross section, N Hl is the 
hot H 2 density, m p is the proton mass and n ;lrals = 2 is the number 
of spiral arms. 

Nh 2 can be estimated from the mass of hot molecular gas un- 
der the assumption that it is located in a disc with radius r d « 
1" = 455 pc (as observed in the H2 flux map in Fig.O and height 
h = 30 pc, as suggested by iHicks et all fc009l) for H2 disks ob- 
served in the inner few tens of pc of active galaxies by near-IR 
integral field spectroscopy. The resulting average hot H2 density is 

Nh 



3.13 x 10~ 3 cm 



The radius of the cross section can be obtained from Fig.|9]as 
the half of the width of the spiral arms r » 073 ~ 135 pc. Adopting 
Vobs ~ 120kms"'(Fig.|9j, we obtain M Hl = 2x 10~ 3 M R yr~'/sim. 
Assum ing that the inclination of the H2 disk is i as 30° jPaturel et al.l 
2003) the mass inflow rate is M Hl « 4 x 10~ 3 M Q yr" 1 . This value is 
within the range of molecular gas mass inflow rates found for other 
active galaxies |Fathi et all l200d: Istorchi-Bergmann et al.l [2007 ; 
Riffel et alJ 120081: [Pavies et alJ 120091 : Ivan de Ven & Fathil I2OOS : 
Sanchez et al. II 20090 . 



4.3.2 Feedback 

As discussed above, the velocity fields for the ionized gas of Fig. [5] 
are not compatible with pure rotation in the galactic disk as in the 
case of H 2 . For Pa/3 blueshifts are observed to both sides of the 
nucleus, although with less extended emission to the north. In the 
channel maps, to the south of the nucleus, the blueshifts observed 
for the ionized gas (both for Pa/? and [Fen]) are similar to those 
of the H2 velocity field and thus we conclude that this emission is 
dominated by gas in rotation in the plane of the galaxy. On the other 
hand, there is also gas in redshift to the south, which cannot be in 
the plane and we interpret as due to an outflow projected against 
the far side of the galaxy. The emission in blueshift to the north, 
observed in the Pa/? channel maps may be interpreted as due to the 
counterpart of the southern outflow observed in redshift; the out- 
flow to the north is thus oriented towards us.The redshifts to the 
north of the nucleus seen in the Pa/? velocity field have approxi- 
mately the same velocities as those observed for the H2 at the same 
location and is probably due to emission from the disk. 

We can estimate the mass outflow rate across a circular cross 
section with radius r =077 as 320 pc located at a distance of 170 
from the nucleus to the north, corresponding to a opening angle of 
35°, obtained directly from the middle panel of Fig. [5] by 

m p N e v ob JA 



M, 



sin 6 



(6) 



observed velocity for the outflow, / is the filling factor, A is the 
area of the cross section and is the inclination of the cone axi s 
relative to the plane of the sky (Riffel & Storchi-Bergmannl201 lal) . 
Assuming N e = 500cirT 3 , / = 0.01 and v out = 75 kms~', directly 
from middle panel o f Fig. [5] we obtain M out as 3/sin0 Moyr" 1 . 
iBian & Zhad d2002t) pointed out that the inclination of the ac- 
cretion disk of Mrk 79 is »30.6° assuming that the Broad Line 
Region has a Keplerian velocity and using the FWHM from 
the broad component of H/?, suggesting that the accretion disk 
has approximately the same orientation of the large scale disk 
(Paturel et al. 2003). Assuming that the cone axis is perpendicular 
to de accretion disk, we obtain 6 as 60° and thus, the mass 
outflow rate would be M out a* 3.5 M G yr~'. This value is in the 
range of mass outflow rates observed fo r other active galaxies 
( Veille ulT Cecil & Bland-Hawthornl 120051; ICrenshaw & Kraemeil 



20071: 



Barbosa ct al. 



2009; 
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Riffel et al. 2009; Riffel & Storchi-Bergmann 201 la). 



Following Istorchi-Bergmann et al.l OOlOl) . we can use the 
above mass outflow rate to estimate the kinetic power of the out- 
flow by 



-«« + <A 



(7) 



where v oM = v ob J sind is the velocity of the outflowing gas and 
<x is its velocity dispersion. Using cr as 150kms~' (from Hig_[6} 
and v m „ - v obs /sin6 = 75km s -1 /sin 60° = 75kms~' we ob- 
tain E ss 3.4 x 10 40 ergs -1 , which is in good agreement with 
those obtained for Seyfert galaxies and compact radio sources 
(Riffe l & Storchi -Bergmann 201 fbl;IStorchi-Bergmann et al.l201(it 
iHolt et alJl201ll . l200d : lMorganti et all2005T) . 



4.3.3 Mass accretion rate 

The accretion rate necessary to power the AGN at the nucleus of 
Mrk 79 can be obtained from 



c 2 rj ' 



(8) 



where m p is the proton mass, N e the electron density, v b s is the 



where L bot is the nuclear bolometric luminosity, r\ is the efficiency 
of conversion of the rest mass energy of the accreted material into 
radiation and c is the light speed . The bolometric lum inosity for 
Mrk 79 is L b ?1 =» 2 x 10 44 ergs' 1 Jzhou & Zhadl2010h . Assuming 
77 ss 0. 1 (e.g. iFrank. King & Raiire 20021) . we obtain a mass accre- 
tion rate of m as 3.5 x 10~ 2 M Q yr~' . 

We can compare the mass accretion rate with the mass in- 
flow and outflow rates estimated in sections 14.3.11 and 14.3.21 re- 
spectively. The mass inflow rate for the hot molecular gas is one 
order of magnitude smaller than the accretion rate. As discussed 
in our previous studies, the total mass inflow rate may be larger 
than the one observed in hot molecular gas, since large amounts of 
cold m olecular gas are observed in central region of active galax- 
ies (e.g.lMazzalav et al.l2012l ; lKrips et alj2007l ; lBoone et alj2007l: 
iDale et al] |2005). On the other hand, the mass outflow rate in the 
NLR of Mrk 79 is about two orders of magnitude larger than m, 
a ratio comparable to those observed for other Seyfert galaxies, 
which indicates that most of the outflowing gas observed in the 
NLR of active galaxies does not originate in the AGN but in the in- 
terstellar medium surrounding the galaxy nucleus, which is pushe d 
away by the AGN outflow (e.g. lRiffel & Storchi-Bergmannl201 lbl) . 

Finally, comparing the kinetic power with the bolometric 
luminosity we find that E is four orders of magnitude smaller 
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than L bo i, implying that only a small fraction of the mass ac- 
cretion rate is transformed in kinetic power in the NLR out- 
flows. This valu e is in reasonable agreement with the A GN feed- 
back derived by |Pi Matteo. Springel & Hernquisj ( 12005b in simu- 
lations for the co-evolution of black holes and galaxies, in order to 
match the M - cr relation and similar to those deriv ed for Seyfert 
galax ies using optical integral field spectroscopy (Barbo sa et al.l 
2009) , after revising the filling fac tor and gas density values as in 
Riffel & Storcru-Bergmarrnl ( l2011bl) . 



5 CONCLUSIONS 

We have analyzed two-dimensional near-IR /— and A^-bands spec- 
tra from the inner ss 680 pc radius of the Seyfert 1 galaxy Mrk 79 
obtained with the Gemini NIFS at a spatial resolution of a; 100 pc 
(C/.'25) and velocity resolution of » 35-45 km s . We have mapped 
the emission-line flux distributions and ratios, as well as the kine- 
matics of the molecular and ionized emitting gas. The main con- 
clusions of this work are: 

• The coronal line emission is marginally resolved by our ob- 
servations, being more extended to the north-south direction - fol- 
lowing the same orientation of the radio jet, reaching «;450pc from 
the nucleus. 

• The [Fe n] and [P n] emission are well correlated with the radio 
emission, while the Hi recombination lines are better correlated 
with the [O in] emission. 

• We detected two nuclear spiral arms in the IT flux distribution, 
extending by 680 pc, one to the south of the nucleus and another to 
the north. These arms begin in a nuclear bar with extent of x4Q0 pc 
oriented along the east-west direction. 

• The excitation of the H 2 and [Fe n] lines is due to heating of 
the gas by X-rays from the central AGN. A small contribution from 
shocks due to the interaction of the radio jet with the ISM may also 
contribute to the [Fe n] emission, as evidenced by enhancements in 
the [Fen] flux and <x at locations co-spatial with radio structures. 

• The kinematics of the H2 is dominated by rotation, with in- 
flows along the nuclear spiral arms with a mass inflow rate of 
M Hl ss 4 x 10~ 3 M Q yr~', comparable to the mass accretion rate 
necessary to power the AGN of Mrk 79 ( m « 1.3 x 10~ 3 M G yr" 1 ). 

• The kinematics of the ionized gas shows a rotation compo- 
nent to the south, which is probably in the galaxy plane, but also 
shows an outflow component, observed in redshift to the south and 
in blueshift to the north of the nucleus. The ionized gas mass out- 
flow rate through a cross section with radius » 320 pc located at a 
distance of »455 pc from the nucleus is M out w 3.5 M Q yr -1 , indi- 
cating that most of this outflowing gas originates in the interstellar 
medium surrounding the galaxy nucleus, which is pushed by the 
AGN outflow. 

• The kinetic power of the outflow is four orders of magnitude 
smaller than the bolometric luminosity of the AGN of Mrk 79, im- 
plying that only a small fraction of the mass accretion rate is trans- 
formed in kinetic power in the NLR outflows. 
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